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The receptor on the surface of the egg of the sea urchin Strongylocentrotus purpuratus that mediates species-speci®c
binding of sperm is a 350-kDa cell surface glycoprotein. Earlier studies established that a recombinant protein encompassing
a major portion of the N-terminal half of the receptor inhibited fertilization when tested in a competitive fertilization
bioassay. To identify in more detail the sites in this domain of the receptor that are involved in binding sperm, a series of
deletion constructs were expressed as glutathione S-transferase fusion proteins and tested for inhibitory activity in a
fertilization bioassay. In addition, a novel assay for directly testing the sperm binding activity of these proteins was
developed. In this assay we quantitated sperm binding to recombinant proteins representing various domains of the receptor
immobilized on glutathione agarose beads. Using this new assay, two domains in the N-terminal half of the receptor were
found to be involved in sperm binding. One of the peptide domains, composed of 247 amino acids, binds both the sperm
of S. purpuratus and the sperm of another genus of sea urchin, Lytechinus pictus. In contrast, binding to the second
domain consisting of a 32-amino-acid residue peptide was found to be genus speci®c; no binding of L. pictus sperm was
observed. A working model is proposed incorporating these ®ndings with earlier studies on the function of the oligosaccha-
ride chains of the receptor. In this model it is postulated that the sperm initially interact with the nonspeci®c binding
domain on the polypeptide and the sulfated O-linked oligosaccharide chains of the receptor. This interaction is followed
by binding to the more speci®c polypeptide binding site on the receptor. It is proposed that only subsequent to binding at
this second site can gamete fusion occur. q 1997 Academic Press
INTRODUCTION an in-frame stop codon terminating the deduced amino acid
sequence before putative the transmembrane region origi-
nally reported. The primary sequence of the sperm receptorBecause in marine invertebrates such as the sea urchin
was found to exhibit 62% identity (Altschul et al., 1990) tofertilization is accomplished externally, these organisms
the more recently described hsp110 family of proteins (Lee-must have evolved molecular mechanisms to ensure speci-
Yoon et al., 1995; Yasuda et al., 1995; Kojima et al., 1996).®city in gamete interactions. The cloning and sequencing
However, unlike these cytoplasmic or nucleolus/nucleusof the Strongylocentrotus purpuratus sea urchin egg recep-
proteins, biochemical and cell biological studies havetor for sperm (Foltz et al., 1993) has made it possible to
shown that the receptor is associated with the cell surfacestudy the role of one of these molecules in this interaction.
of the egg (Foltz and Lennarz, 1992; Giusti et al., 1997)Initially, a major portion of the deduced sequence of the
and is a highly glycosylated (Dhume and Lennarz, 1995),receptor was found to exhibit modest sequence similarity
disul®de-bonded homo-oligomer (Ohlendieck et al., 1994).to the hsp70 class of stress proteins (Hightower, 1991; Gee-
In an earlier study, a clone encoding amino acid residuesthing and Sambrook, 1992). A reexamination of the se-
96±586 of the deduced sequence of the receptor, which rep-quence (Just and Lennarz, 1997) established the presence of
resents a major portion of the N-terminal half of the protein,
was prepared as a recombinant protein linked at its N-termi-
nus to glutathione S-transferase (GST). Using a competitive1 Present address: Harvard Institute of Medicine, 77 Avenue
bioassay of fertilization, it was shown that this recombinantLouis Pasteur, Boston, MA 02115.
protein, called GST-45A, effectively inhibited fertilization2 To whom correspondence should be addressed. Fax: (516) 632-
8575. E-mail: WLENNARZ@LIFE.BIO.SUNYSB.EDU. of S. purpuratus eggs (Foltz et al., 1993). The ®nding that a
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ization as a function of added sperm. Typically, sperm suf®cientrecombinant segment of the receptor inhibited fertilization
to obtain 50±80% fertilization were added. Under these limitingafforded us the opportunity to de®ne in more detail the
sperm conditions, equivalent amounts of sperm of the two species,domains that exhibited sperm binding activity. It also en-
S. purpuratus and L. pictus, did not fertilize heterologous eggs.abled us to determine if these domains were responsible for
Puri®ed recombinant proteins in the quantities indicated (see Re-the maintenance of speci®city. To accomplish this, a series
sults) were tested for their ability to competitively inhibit fertiliza-
of recombinant proteins were synthesized in the form of tion of S. purpuratus eggs. For each sample at least 200 eggs were
GST-fusion proteins. Initially, the recombinant proteins examined by light microscopy to determine the percentage of fertil-
were tested in the competitive fertilization bioassay that ization, i.e., the number of eggs that elevated a fertilization enve-
indirectly measured the ability of these proteins to bind lope.
to acrosome-reacted sperm by measuring their ability to Synthesis of deletion constructs. Deletion constructs were gen-
erated by PCR. Primers were synthesized by the Stony Brook Oligonu-competitively inhibit fertilization. Subsequently, we de-
cleotide Synthesis Facility, by Operon Molecular Biology Reagentsvised a more direct assay in which the binding of sperm
(Alameda, CA) or by 5* to 3* Inc. (Boulder, CO). All primers wereto glutathione agarose beads containing various expressed
synthesized with an internal restriction site in order to facilitate in-regions of the receptor in the form of GST-fusion proteins
frame ligation into the pGEX2 expression vector. Polymerase chainwere measured. These assays revealed that the receptor con-
reaction (Saiki et al., 1988) was performed according to standard proto-tained two binding sites: The N-terminal-most binding site
cols in a Perkin±Elmer Cetus thermocycler. PCR products were ®rst
was recognized by sperm of another genus as well as by cloned into the PCR II cloning vector (InVitrogen, San Diego, CA).
homotypic sperm. The other site, contained within a 32- Inserts were released by restriction digestion, visualized by agarose
amino-acid domain, clearly differentiated between sperm of gel electrophoresis, and then puri®ed using the Geneclean II DNA
S. purpuratus and sperm of another genus, Lytechinus pic- puri®cation kit (Bio 101, Mt. Prospect, IL). Puri®ed products were
tus, found in the same waters of the eastern Paci®c Ocean. then ligated in-frame into the pGEX2 expression vector (Pharmacia)
and transformed into BL21 DE3 / pLys 5 strains of Escherichia coliBased on these ®ndings and earlier studies on the sulfated
(gift of H. Luceros) for recombinant protein expression (Studier andO-linked oligosaccharide chains of the receptor (Dhume and
Moffat, 1986). Correct orientation and reading frame of the constructsLennarz, 1995; Dhume et al., 1996), it appears clear that
was con®rmed by restriction digestion analysis, expression tests, andthree components of the receptor participate in sperm bind-
N-terminal sequencing. The internal deletion (96±586D380±411) wasing, the sulfated oligosaccharide chain and the two polypep-
generated using the EX-SITE mutagenisis kit (InVitrogen), and phos-tide binding domains identi®ed in this study.
phorylated primers synthesized to anneal 5* and 3* boundaries of the
deleted 32-amino-acid domain. Isolation and puri®cation of the re-
combinant proteins in pGEX2 expression vectors was performed by
EXPERIMENTAL PROCEDURES the method of Smith and Johnson (1988). The eluted fusion proteins
were dialyzed into PBS or FSW. Protein concentrations were deter-
mined by Bio-Rad protein determination kit using a BSA protein stan-Sea urchins and gametes. S. purpuratus and L. pictus sea ur-
dard curve.chins were purchased from Marinus (Long Beach, CA) and main-
Measurement of sperm binding to beads containing GST fusiontained in arti®cial seawater (InstantOcean) in aquaria at 147C. Ga-
protein. The concept of using beads to assess sperm binding is anmetes were collected by intracoelomic injection of 0.5 M KCl. Eggs
extension of an approach described by Aketa et al. (1979) and bywere shed into 0.22 mm ®ltered (Millipore) Instant Ocean (FSW) at
Foltz et al. (1993). Using glutathione agarose beads, the GST-linked147C. Sperm were collected dry and stored on ice.
recombinant proteins were expressed in E. coli and af®nity puri®edEgg-conditioned seawater. Egg-conditioned seawater was used
from the induced bacterial lysate. The purity of the recombinantin the bead binding assay to induce the acrosomal reaction (Afzelius
protein bound to beads was evaluated by SDS±PAGE (Laemmli andand Murray, 1957). Eggs were shed by intracoelomic injection of
Favre, 1973). A single band of protein corresponding to the expected0.5 M KCl and collected in FSW. The eggs were washed twice with
GST recombinant protein was observed by Coomassie blue stainingFSW and then resuspended to 10% (v/v) in FSW. Ampicillin and
in all cases except G(413±889), which showed multiple bands inchloramphenicol were added at 100 and 25 mg/ml, respectively, and
some preparations. However, none of the preparations of this re-the eggs were then incubated at 147C overnight. The next day the
combinant protein, including that with a single protein band, ex-supernatant containing the egg-conditioned seawater was recov-
hibited signi®cant binding activity. The protein content per beadered, and aliquots of 50 ml were frozen and stored at 0207C.
varied, depending on the construct, but in all cases protein wasBioassay. The bioassay to measure the inhibition of fertiliza-
in excess, and sperm were limiting. No correlation was observedtion was carried out by the following modi®cations of the pre-
between the level of protein linked to the beads used in these assaysviously described procedure (Schmell et al., 1977). After collection,
(4 to 24 ng per bead) and the level of sperm binding. For example,eggs were washed two times with FSW and then suspended to 10%
beads which contained a high level of bound GST exhibited the(v/v). The jelly coat was removed by passing the egg suspension
same low level of binding as beads with a low level of bound GST.through a 120-mm Nitex mesh eight times. The supernatant con-
Sperm did not bind to glutathione agarose beads alone.taining the released jelly coat was collected and used to induce the
To measure sperm binding to beads, approximately 250 beadssperm acrosome reaction. After dejellying the eggs were washed
were suspended in 200 ml egg-conditioned seawater and an aliquotthree times and suspended to 1% in FSW. Routinely, 500 ml of the
of sperm was added in a dilution range known to give a linearegg suspension was used per assay. Sperm dilution curves were
increase in bead binding as a function of increasing sperm concen-performed prior to the assay to determine the appropriate dilution
of sperm needed to obtain a linear range of the percentage of fertil- tration. The sperm were incubated with the beads for a time deter-
Copyright q 1997 by Academic Press. All rights of reproduction in any form reserved.
AID DB 8608 / 6x27$$$201 06-26-97 19:28:12 dbas
202 Stears and Lennarz
mined to give maximal binding (approx 20 sec for most constructs),
and then the mixture was gently transferred onto the top of 200 ml
of 1 M sucrose. The beads were allowed to settle through the su-
crose for 1±5 min. This step removed the unbound sperm and ap-
peared to stabilize sperm binding to the beads. The supernatant
was then removed and the bound sperm were ®xed onto the beads
by addition of 2.5% paraformaldehyde, 0.5% glutaraldehyde in
FSW. After 15 min the beads were washed twice with 1 ml FSW
and then resuspended to a ®nal volume of 500 ml in FSW to which
5 ml of 25 mg/ml Hoechst dye was added. Bound sperm were visual-
ized, after 15-min incubation at 257C, by microscopy using a UV
®lter. The total number of sperm bound per bead was determined
by stepwise focusing through the entire bead. For each sample,
sperm binding was quanti®ed by counting the total number sperm
bound to approximately 25 beads.
RESULTS
Identi®cation of a 32-amino-acid peptide domain to
FIG. 1. Deletion of residues 384±412 impairs the ability of recom-which sperm bind. In an earlier study it was established
binant GST fusion proteins to inhibit fertilization. (A) Diagram ofthat the recombinant polypeptide encompassing amino acid
the N-terminal deletion constructs prepared. The top bar representsresidues 96±586 fused at its N-terminus to GST inhibited a diagram of the primary structure of the full-length receptor (FL
fertilization (Foltz et al., 1993). In the current study, ini- 1±889). N, amino terminus; C, carboxyl terminus. Constructs were
tially we generated the three N-terminal deletion constructs ligated in-frame into the pGEX expression vector and expressed
shown in Fig. 1A. As in the earlier study, we expressed these as GST-linked recombinant proteins. The 28-kDa GST on the N-
constructs in E. coli as GST-linked recombinant proteins terminus of the constructs (G) is not depicted. As shown in this
and subsequent ®gures, the last two constructs also are truncated(Smith and Johnson, 1988; Studier and Moffat, 1986), puri-
at their C-terminus by 45 amino acid residues, but it is apparent®ed them, and then tested them in the fertilization bioassay
that this does not cause loss of inhibitory activity (see below). (B)for their ability to inhibit fertilization (Schmell et al., 1977).
Inhibitory activity of the constructs. One hundred picomoles ofIn the remainder of the text each of the fusion proteins are
each recombinant protein was tested for its ability to inhibit fertil-designated G(n), with the G indicating GST and the num-
ization. The values for inhibition were obtained by examining 200bers in parentheses indicating the position of ®rst and last eggs for elevation of the fertilization envelope. The values shown
amino acid residues in that recombinant protein. The re- here and in Figs. 2 and 3 are representative of a large number of
sults shown in Fig. 1B indicate that the deletion of residues assays performed with gametes from different animal pairs.
96 to 342 did not decrease the ability of the resulting trun-
cated protein to inhibit fertilization; the G(343±586) protein
inhibited as well as the larger recombinant protein when
tested on an equimolar basis. Further deletion of residues These three GST-linked recombinant proteins were com-
pared on an equimolar basis with the earlier deletion con-343 to 383 also did not affect the inhibitory activity of the
expressed protein. However, the deletion of residues 384 to structs shown in Fig. 1 using the fertilization bioassay. The
results shown in Fig. 3B indicated that all three of these412 markedly reduced the inhibitory activity of the resul-
tant G(413±542) protein. We next determined if the recom- peptides had inhibitory activity that was similar to that of
the G(96±586) construct. Indeed, all of the deletion con-binant proteins inhibited fertilization in a concentration-
dependent manner. When the three recombinant proteins structs except G(413±542) had equal inhibitory activity.
From this we concluded that the sperm binding domain wasshown in Fig. 2A, were compared, G(384±542) was found
to exhibit concentration-dependent inhibition similar to within the 32-amino-acid peptide encompassed by residues
380±411.G(96±586) (Fig. 2B). However, the low-level inhibition ob-
served with G(413±542) was not concentration dependent. Development of a more direct assay for sperm binding.
The competitive bioassay measuring inhibition of fertil-These results suggested that sperm binding activity was
contained within residues 384±412, and that residues 413± ization utilized in this and earlier experiments (Foltz et
al., 1993) is a negative, endpoint assay that involves a com-542 were devoid of binding activity.
To examine in more detail the sperm binding activity petition between acrosome-reacted sperm binding to either
the intact receptor on the egg or to the added recombinantwithin the region encompassed by residues 384±412, using
PCR-based methods we synthesized a G(380±411) protein, protein. The competition is quantitated by observing inhi-
bition of fertilization envelope elevation of the eggs, ratheras well as two proteins extending either an additional 10-
or 20-amino-acid residues toward the C-terminus (Fig. 3A). than the gamete binding process per se. Given this limita-
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tion, we undertook to devise a positive assay that would
directly test the ability of sperm to bind to the various
recombinant proteins. In this assay the recombinant GST
fusion proteins were expressed in E. coli and then af®nity
puri®ed from the bacterial lysate with glutathione±agar-
ose beads. The beads containing the bound fusion proteins
were recovered from the lysate, and an aliquot of the super-
natant was examined by SDS±PAGE (data not shown) to
establish that it contained the fusion protein. This proce-
dure ensured that the recombinant protein in the lysate
had been in excess relative to the glutathione±beads, and
hence the beads had become saturated with this protein.
After washing the beads to remove extraneous proteins, an
aliquot was suspended in egg-conditioned seawater, which
induced added sperm to undergo the acrosome reaction
(Afzelius and Murray, 1957). Prior induction of the acro-
some reaction was shown to be essential for binding of the
sperm to beads (data not shown). Binding of sperm to the
beads was visualized and quantitated after addition of
Hoechst dye by UV microscopy. As shown in Fig. 4A,
sperm bound to beads saturated with the G(96±586) con-
struct, but exhibited only a very low level of binding to
beads containing GST alone (Fig. 4B).
A second N-terminal binding site is identi®ed. Having
established the validity of this direct assay, we studied the
sperm binding activity of various expressed regions of the
receptor. In Fig. 5A the constructs tested are shown. For
FIG. 3. A domain in the receptor consisting of a 32-amino-acid
peptide inhibits fertilization. (A) Diagram of the deletion proteins
tested and of the three smaller peptide domains generated by PCR
to determine the limits of the inhibiting domain. The hatched do-
main represents the 32-amino-acid peptides. (B) Inhibitory activity
of the expressed constructs. Puri®ed recombinant proteins (100
pmole of each) were tested for their ability to competitively inhibit
fertilization in S. purpuratus eggs as described under Experimental
Procedures. The data are normalized to a seawater control in which
the concentration of sperm was adjusted to obtain 50±80% fertil-
ization. The values were obtained by examining 200 eggs. Note that
with the exception of G(413±542), all of the deletion constructs
inhibited to the same extent as G(96±586).
reference, in Fig. 5B all sperm binding is normalized to that
observed with G(96±586), which contains the 32-amino-
acid peptide domain described in Fig. 3 that exhibited activ-
ity in the inhibition of fertilization bioassay. When all of
the amino acid residues located N-terminal to the 32-
amino-acid peptide domain were deleted, binding of sperm
to the resulting G(384±542) protein was signi®cantly higher
than to G(96±586). As expected from the earlier results,
truncation of the protein to delete the 32-amino-acid pep-
FIG. 2. Concentration-dependent inhibition of fertilization in the
tide resulted in a virtually complete loss of binding activitycompetitive bioassay by puri®ed recombinant proteins. The pro-
of G(413±889). Similar very low activity was observed in ateins shown in (A) were tested in the indicated amounts for their
construct expressing only the C-terminus of the full-lengthability to inhibit fertilization (B). G(96±586) (s), G(384±542) (j),
receptor, G(831±889). Consistent with the earlier ®ndingand G(413±542) (n) were tested. The values were obtained by exam-
ining 200 eggs. using the indirect fertilization inhibition bioassay, sperm
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FIG. 5. Two sperm binding domains are identi®ed by the sperm
bead binding assay. (A) Diagram of the full-length receptor and
deletion constructs tested in the assay. In (B), the relative sperm
binding activities of each of the expressed receptor constructs are
shown. Assays were performed in triplicate, and an average of 25
beads per assay were counted. Mean sperm bound per bead and the
standard deviation (shown by the range bars) were calculated. Val-
ues for sperm binding to GST (approximately 0.75 sperm per bead)
were subtracted and the values were normalized to the mean sperm
bound to G(96±586) beads, which was 30 sperm per bead. The data
are the mean values of four assays.
bound well to the 32-amino-acid peptide, G(380±411). As
expected, construct (G(380±889)), which extends to the C-
terminus, exhibited full sperm binding activity.
These ®ndings obtained with the direct binding assay are
in good agreement with the results shown in Fig. 3 using
the indirect fertilization assay. However, preparation of ad-
ditional constructs revealed a second binding domain not
detected by the indirect assay. The G(96±586) construct was
FIG. 4. Fluorescent micrograph of Hoechst dye-labeled sperm binding
to agarose beads containing recombinant receptor protein. Recombi- as described under Experimental Procedures. Beads saturated with
G(96±586) protein (A) or with GST alone (B) were incubated with spermnant protein-mediated binding of sperm to beads. The GST-linked re-
combinant proteins were expressed in E. coli and af®nity puri®ed and treated as described under Experimental Procedures and then were
viewed by UV microscopy.from the induced bacterial lysate using glutathione±agarose beads
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bisected, and the two proteins expressed by the resultant tide (designated earlier as GST-45A) had been found to in-
hibit fertilization of S. purpuratus gametes, but not fertiliza-constructs, G(96±342) and G(343±586), were tested for their
ability to be recognized by sperm in the bead binding assay. tion of L. pictus gametes (Foltz et al., 1993). However, in
the direct binding assay we found that both heterotypic andThe results shown in Fig. 5B clearly established that sperm
bound not only to G(343±586), which contained the 32- homotypic sperm bound equally well to beads containing
this recombinant protein (Fig. 8B). The construct expressingamino-acid peptide, but also to G(96±342), which is located
in the more N-terminal region of the receptor. This ®nding the N-terminal half of the 96±586 polypeptide, G(96±342),
was found to contain this nonspeci®c binding activity. Inwas con®rmed by preparation of a deletion construct from
G(96±586) that lacked the 32-amino-acid peptide. As contrast, the G(343±586) construct expressing the C-termi-
nal half of the peptide that includes the 32-amino-acid pep-shown, sperm bound to this expressed protein, G(96±
586D380±411), indicating that the presence of the N-termi- tide, exhibited even stronger binding activity and was ho-
mospeci®c. As expected, when both binding sites were ab-nal site alone was suf®cient for binding of sperm.
This direct binding assay established the importance of sent, as in the G(413±889) protein, no binding of sperm of
either species was detected. These data support the idea ofthe 32-amino-acid peptide domain and provided evidence
for the existence of a second domain. To assess in more two sperm binding domains in the receptor: An N-terminal
region of 247 amino acids to which sperm bind nonspeci®-detail the ability of sperm to bind to these two domains,
and to the larger constructs from which they were derived, cally, and a 32-amino-acid, somewhat more C-terminal do-
sperm binding to various constructs as a function of sperm
concentration was measured. It is clear from the results in
Fig. 6 that the number of sperm binding to each of the three
proteins on beads was dependent on the concentration of
sperm, and that very little binding to beads containing GST
alone was detected. It was of interest that the protein con-
taining only the N-terminal binding site G(96±342) exhib-
ited a level of binding similar to that with the G(96±586)
protein, suggesting that the primary interaction of sperm in
the 96±586 region may be mediated by the binding site
located in the N-terminal domain. Sperm bound better to
the truncated recombinant protein containing the 32-
amino-acid peptide, namely G(343±586), perhaps because
the G(380±411) residue region is more exposed. These re-
sults suggest the possibility that in the intact protein in
vivo a conformational change is necessary to expose this
380±411 region to obtain maximum binding of sperm. In
fact, a comparison of the results with all the proteins in
which most or all of the amino acid residues in the receptor
that are located N-terminal to residue 380 had been deleted,
i.e., G(343±586), G(384±542), G(380±411), and G(380±889),
revealed that they all exhibited greater sperm binding than
the nontruncated proteins. The idea that the binding site
located in the N-terminal domain may mediate the primary
interaction of sperm with the 96±586 region was supported
by a comparison of the ability of sperm to bind to G(96±
586) and G(96±586D380±411), in which the 32-amino-acid
peptide is absent. As shown in Fig. 7, sperm binding to these FIG. 6. The two sperm binding sites differ in binding activity. (A)
Sperm binding to G(96±586) (s), G(96±342) (j), and G(343±586)two proteins was equivalent on a molar basis, as expected
(m) was compared. (B) It is apparent that binding to the beads isif the 32-amino-acid peptide site is not exposed in the G(96±
dependent on the concentration of added sperm, over a range of586) protein.
13,800±400 dilution, and that sperm bind more effectively to theSpeci®city of the two binding sites. Having established
G(343±590) protein than to the other two proteins. No signi®cantthe existence of two binding domains, we next compared
binding to GST (x) was observed. The proteins containing the N-the speci®city of sperm binding using S. purpuratus, the
terminal binding site G(96±342) and G(96±586) exhibited similar
sperm homotypic to the receptor constructs (Fig. 8A), and binding. Assays were performed in triplicate. Total sperm bound
sperm of a different genus of sea urchin, L. pictus, that do were counted, and the mean sperm bound per bead and standard
not fertilize S. purpuratus eggs under comparable sperm deviations were calculated. The absolute number of sperm bound
concentrations. In an early study using the inhibition of per bead varied with sperm isolated from different males. Therefore,
in a given experiment, sperm from a single male was used.fertilization competitive bioassay the G(96±586) polypep-
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al., 1995). As shown in Fig. 9, the homospeci®c 32-amino-
acid domain contains very high identity (80%) with hsp110
in its N-terminal 17 amino acids, but much lower identity
(33%) in its C-terminal 15 amino acids. We have recently
found that unlike the sperm of a different genus, L. pictus,
sperm of a species in the same genus, S. franciscanus, also
bind to a recombinant protein containing the 32-amino-acid
domain, which is not surprising given that these sperm also
bind to S. purpuratus ®xed eggs to the same extent as to S.
franciscanus eggs (N. Hirohashi and W. J. Lennarz, unpub-
lished observations). These ®ndings agree with the recent
report (Mauk et al., 1997) that the deduced sequence of a
hsp110 homologue from S. franciscanus is virtually identi-
FIG. 7. Sperm binding to beads containing G(96±586) or G(96±
586D380±411). (A) Diagram of the two constructs tested. (B) Sperm
binding to both proteins was similar over a range of 13,800- to 400-
fold dilution of sperm.
main that discriminates at the genus level, binding only
homologous S. purpuratus sperm. A further ®nding shown
in Fig. 8B supporting this idea was the absence of homospe-
ci®c binding with the deletion construct G(96±586D380±
411) that encompasses residues 96±586 but lacks the 32-
amino-acid sequence.
DISCUSSION
These studies, using a series of recombinant proteins and
a direct assay of their ability to mediate binding of acro- FIG. 8. The two sperm binding domains exhibit marked differ-
some-reacted sperm to beads, has con®rmed the validity ences in speci®city. (A) Diagram of the receptor constructs tested.
(B) Relative binding sperm to the expressed constructs on beads; S.of the original inhibition bioassay for the receptor and for
purpuratus sperm (speckled bars), L. pictus sperm (striped bars).recombinant proteins (Foltz et al., 1993). They also have
Beads were suspended in egg-conditioned seawater homotypic tocast new light on sperm binding sites of the cell surface
the sperm used in that assay. An average of 25 beads per assay werereceptor. Using these assays, two binding domains have
counted and assays were performed in triplicate using sperm frombeen identi®ed, an N-terminal site within a 247-amino-acid
the same male. Mean sperm bound per bead and standard deviationspeptide that binds sperm without species speci®city, and a
were calculated. Binding to GST beads was subtracted and then
more C-terminal site composed of 32 amino acids that binds binding was normalized to the mean sperm bound to G(96±586).
with a higher relative af®nity (on a molar basis) and with For this assay the mean values for S. purpuratus and L. pictus sperm
speci®city for S. purpuratus sperm, when compared with L. bound to G(96±586) were 18.7 and 16.7 sperm/bead, respectively.
pictus sperm. The former domain exhibits high sequence Mean S. purpuratus and L. pictus sperm bound to beads containing
GST alone were 0.66 and 0.88 sperm/bead, respectively.identity to the hamster cytoplasmic hsp110 (Lee-Yoon et
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cal in this 32-amino-acid domain to that in the S. purpu- earlier demonstration that a recombinant protein encoding
a portion of the receptor (45A) binds to bindin (Foltz etratus recombinant protein. It is clear, however, that factors
in addition to this domain are involved in the fertilization al., 1993), as well as a very recent study quantitating the
interaction between the 45A recombinant receptor and re-process because S. franciscanus sperm only fertilize S. pur-
puratus eggs to a very limited extent (20%), and only combinant bindin (Cameron et al., 1996). Whether any
other surface components of the sperm are involved remainswhen 102±103 more sperm are added than that required for
100% homotypic fertilization of S. purpuratus (Minor et al., to be established. The challenge for the future will be to
de®ne models and ways to test them in this potentially1991; N. Hiroshashi and W. J. Lennarz, unpublished obser-
vations). multicomponent adhesion system.
Although it is possible that recombinant proteins might
contain exposed binding sites that are not functional in the
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